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EXHAUST GAS TURBOCHARGER FOR AN
INTERNAL COMBUSTION ENGINE

CROSS REFERENCE TO RELATED
APPLICATIONS

Applicants claim prionity under 35 U.S.C. §119 of Ger-
man Application No. 102 33 042.5 filed Jul. 20, 2002.
Applicants also claim priority under 35 U.S.C. §365 of PCT
Application No. PCT/EP2003/006603 filed Jun. 24, 2003,

The international application under PCT article 21(2) was
not published 1n English.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to an exhaust gas turbocharger for
an iternal combustion engine.

2. Prior Art

An exhaust gas turbocharger having an exhaust gas tur-
bine to be driven by the exhaust gases of an internal
combustion engine as well as a compressor in the intake tract
1s described 1n the reference DE 199 55 508 C1; its com-
pressor wheel 1s driven by the turbine wheel, by way of a
shaft. Combustion air 1s to be supplied to the compressor
wheel by way of a compressor inflow channel, under atmo-
spheric pressure, which air 1s compressed to an elevated
charging pressure by way of the rotational movement of the
compressor wheel; the combustion air 1s supplied to the
cylinders of the internal combustion engine at this charging
pressure.

The compressor has an additional channel that extends
approximately parallel to the compressor wheel inflow chan-
nel and opens radially into the compressor wheel inflow
channel 1n the vicinity of the compressor wheel. Combustion
air can also be supplied via the additional channel. An
adjustable guide grid 1s disposed 1n the onifice region nto the
compressor wheel inflow channel, which grid 1s adjustable
between a blocked position that minimizes the orifice cross-
section, and a release position that maximally opens the
cross-section. Furthermore, a throttle valve 1s disposed in the
compressor wheel inflow channel, upstream from the orifice
of the additional channel into the compressor wheel intlow
channel, by way of which the air mass stream to be supplied,
through the compressor wheel inflow channel, can be
adjusted.

In order to minimize the rpm spread of the exhaust gas
turbocharger and also in order to be able to maintain a
noteworthy rpm level of the charger even in operating states
of low load and speed of rotation of the internal combustion
engine, the compressor can also be used in turbine operation.
For this purpose, the throttle valve i the compressor wheel
inflow channel 1s adjusted to 1ts closed position, and the
combustion air 1s guided radially onto the vanes of the
compressor wheel, by way of the additional channel, which
wheel thereupon experiences a rotational impulse for addi-
tional power. Relaxation of the supplied combustion air 1s
achieved by way of the compressor wheel, so that a desired
partial vacuum can be implemented in the air inlet of the
internal combustion engine, at a partial load of the internal
combustion engine. In this manner, the charger 1s kept 1n
rotation, which makes it possible to thereby clearly improve
the transient behavior of the exhaust gas turbocharger. The
transition to compressor operation with an increasing load
can be performed within a shorter period of time.
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2
SUMMARY OF THE INVENTION

Proceeding from this state of the art, the invention 1s
based on the problem of further improving the degree of
cllectiveness of an exhaust gas turbocharger, using simple
means.

This problem 1s solved by an exhaust gas turbocharger
according to an embodiment of the invention. Practical
turther developments are also described.

The compressor in the exhaust gas turbocharger according,
to the mvention possesses a first gmde grid as well as a
second guide grid in the intlow region to the compressor
wheel, whereby each guide grid has an adjustable gnid
geometry. In this manner, additional adjustments are pos-
sible, and diverse flow conditions can be implemented 1n a
broad parameter range in the intflow region to the compres-
sor wheel, and as a result, turbine operation of the compres-
sor can be adjusted at low loads of the internal combustion
engine, so that the charger can be kept at a high minimum
speed of rotation even 1n these operating states.

In order to adjust this turbine operation of the compressor,
it 1s practical if one of the guide grids 1s brought into 1ts
blocked position, with a minimal or completely closed
cross-section, and the other guide grid 1s put 1into the opened
position, whereby the guide grids are disposed in such a
manner that both turbine operation and conventional com-
pressor operation 1s possible. In this connection, the guide
orid to be opened at low loads 1s preferably located in an
orifice region that radially surrounds the compressor wheel,
between an air collection chamber that precedes the com-
pressor wheel inflow channel, and the inflow channel,
whereas the second guide grid, which 1s brought into its
blocked position at low loads, 1s axially located ahead, and
1s positioned upstream from the compressor wheel 1n an
orifice cross-section of the air collection chamber to the
compressor wheel inflow channel. In turbine operation, the
combustion air to be supplied therefore impacts the com-
pressor wheel radially, 1.e. with a tangential component,
thereby applying a rotational impulse to the wheel, and
additional drive power 1s available for the rotor, as a cold air
turbine.

In the transient transition region, in contrast, 1t 1s practical
i a progressive adjustment of the guide grids from the
opened position to the blocked position and vice versa 1s
possible. The guide grid that 1s responsible for turbine
operation and 1s close to the compressor wheel can be
brought from 1ts opened position to the blocked position
continuously or discontinuously (1n discrete steps); at the
same time, the guide grid that lies ahead, at a distance from
the compressor wheel, which 1s assigned to compressor
operation, 1s brought from the blocked position into the
opened position, also continuously or discontinuously, so
that an increasingly great air stream flows through the
upstream guide grid. The possibility of being able to move
cach guide grid gradually between its opened and 1ts blocked
position, 1n each instance, allows a constant transition from
cold air turbine operation to compressor operation. Thus 1t 1s
particularly possible to first gmide the greater portion of the
air mass stream to be supplied by way of the gmde gnd
assigned to cold air turbine operation, and to keep the
portion that flows by way of the upstream guide grid low at
first. This ratio reverses with a further increasing load of the
internal combustion engine, 1 favor of an ever greater air
mass stream portion through the upstream guide grid. In this
manner, a sudden, jerk-like switch from cold air turbine
operation to compressor operation, and therefore a drop 1n
the speed of rotation of the charger, can be avoided.
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To switch the guide grids between their extreme positions,
in each instance (blocked position, on the one hand, and
opened position, on the other hand), both an embodiment
having a common setting or activation organ for both guide
orids and an embodiment having separate activation organs
are possible. In the case of a common activation organ, 1t 1s
practical 11 the latter 1s configured as a setting sleeve; during,
the setting movement of this sleeve, the guide grids are
adjusted into opposite positions. The setting sleeve is, 1n
particular, an axially adjustable sliding sleeve, whereby 1n a
particularly advantageous embodiment, part of the grid
geometry of the guide grids, 1n each instance, 1s held on the
axially opposite faces of the sliding sleeve, for example an
accommodation matrix for accommodating a guide grnid
ring, on the one hand, and a guide grid ring on the opposite
face, on the other hand. Of course, however, embodiments in
which similar grid geometries are disposed 1n the region of
the two axial faces of the sliding sleeve are also possible.

According to another embodiment, the setting sleeve can
also be mounted to rotate, whereby in this case, the rota-
tional movement of the setting sleeve 1s utilized for adjust-
ing the grid geometries. Finally, 1t can also be practical to
mount the setting sleeve so that 1t can be axially displaced
and rotated, and to assign the axial setting movement to one
of the two guide grids and the rotational movement to the
other guide gnid, thereby making 1t possible to uncouple the
setting movements of the two guide grids.

An uncoupled movement 1s particularly made possible
also 1n that two activation organs, configured separately, are
provided, which are assigned to one guide gnd, 1n each
instance, and can be activated independent of one another. In
this embodiment, a coupling of the movements by way of
the control of each activation organ 1s possible, but kine-
matically, the two activation organs are configured indepen-
dent of one another. In this manner, an additional mechanical
degree of freedom 1s obtained for setting each guide grid,
thereby making it possible to implement additional setting,
combinations for the positions of the guide grids and, 1n
total, to perform a setting of the guide grids that 1s better
adapted to the situation, 1n each instance.

In an advantageous embodiment, both activation organs
are configured as a sliding sleeve, 1n each mstance, which
sleeves are axially displaceable, 1n each instance, whereby
one of the two sliding sleeves 1s exclusively assigned to one
guide grid, while the other sliding sleeve 1s configured for
the displacement of both gmde grids. If the slhiding sleeve
assigned to both guide grids 1s activated, the cross-section 1n
both guide grids 1s changed with a common setting move-
ment. In the case of activation of the opposite sliding sleeve,
which 1s particularly used for changing the geometry of the
guide grid assigned to compressor operation, however, the
other guide grid 1s not adjusted. The guide grid impacted by
both sliding sleeves, which 1s remote from the wheel, can be
adjusted 1n that the orifice cross-section 1n which the guide
orid close to the wheel 1s disposed 1s practically not influ-
enced by the guide grid remote from the wheel, under a tull
load of the mternal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and practical embodiments are evident
from the claims, the description of the figures, and the
drawings. These show:

FIG. 1 a schematic representation of a charged internal
combustion engine having an exhaust gas turbocharger
having a variable turbine geometry and a compressor with
two adjustable guide grids,
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FIG. 2 a longitudinal cross-section through a compressor,
with the first guide grid, close to the compressor wheel, 1n
the opened position, and the second guide grid, disposed
axially at a distance from the compressor wheel, in the
blocked position,

FIG. 3 a representation corresponding to FIG. 2, but with
the guide grid close to the compressor wheel 1n the blocked
position and the guide grnid at an axial distance 1n a first
opened position,

FIG. 4 another representation corresponding to FIGS. 2
and 3, but with the guide grnid at an axial distance 1n the
second opened position,

FIG. 5 a face view, in a schematic representation, of the
guide grid close to the compressor wheel (with a smaller
radius) and the guide grid disposed at a greater axial distance
(with a larger radius),

FIG. 6 a representation corresponding to FIG. 5, whereby
the outer guide grid 1s shown 1n a segment having a lesser
number of vanes,

FIG. 7 another frontal view of the guide grids, whereby
the outer guide grid 1s shown having a minimal number of
vanes 1n a third segment.

In the figures, the same parts have the same reference
symbols.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The mternal combustion engine 1 shown i FIG. 1 1s
equipped with an exhaust gas turbocharger 2, which com-
prises an exhaust gas turbine 4 in the exhaust gas train 3 of
the mternal combustion engine, and a compressor 6 in the
intake tract 5, the compressor wheel of which compressor 1s
driven by the turbine wheel, by way of a shaft 7. In the
operation ol the internal combustion engine, the turbine
wheel 1s put mto rotation by the exhaust gases, whereupon
combustion air 1s drawn 1n from the surroundings in the
compressor, and compressed to an elevated pressure. The
exhaust gas turbine 4 1s additionally equipped with a vari-
ably adjustable turbine geometry 8, which allows a change-
able adjustment of the effective tlow entry cross-section to
the turbine wheel as a function of current status variables
and operational variables of the internal combustion engine.

Downstream from the compressor 6, a charging air cooler
9 1s disposed on the 1ntake tract S, in which the compressed
charging air 1s cooled. In the further progression, the charg-
ing air 1s supplied to the cylinder inlets of the internal
combustion engine 1, under charging pressure.

Furthermore, an exhaust gas recirculation device 10 1s
assigned to the internal combustion engine 1, by way of
which device exhaust gas from the exhaust gas train 3 can
be recirculated upstream from the exhaust gas turbine 4, into
the intake tract 5, downstream from the charging air cooler
9. The exhaust gas recirculation device 10 comprises a
recirculation line between the exhaust gas tramn and the
intake tract, as well as an adjustable valve and an exhaust gas
cooler, disposed 1n the recirculation line.

The compressor 6 1s equipped with a variable compressor
geometry, which comprises two guide grids 12 and 13, both
of which are disposed in the intlow region to the compressor
wheel, and can be adjusted between a minimal blocked
position and a maximal opened position. The function of the
guide grids 12 and 13 will be explained 1n the following,
using the additional figures.

The internal combustion engine 1 has a regulation and
control umt 11 assigned to 1t, by way of which the various
units assigned to the internal combustion engine can be
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adjusted as a function of status variables and operational
variables of the internal combustion engine 1, particularly
the recirculation valve in the exhaust gas recirculation
device 10, the variable turbine geometry 8, as well as the two
guide grids 12 and 13 1n the compressor 6.

As 1s evident from the cross-sectional view according to
FIG. 2, the guide grid 13 of the compressor 6 1s located 1n
the orifice region between an air collection chamber 15, in
which combustion air 1s passed into the compressor from the
outside, to a compressor wheel inflow channel 14, 1n which
the compressor wheel 16 1s mounted to rotate. The orifice
region surrounds the compressor wheel 16 radially, at least
in part. The grid geometry of the guide 13 consists of a guide
orid ring 18 having vanes, whereby the guide grid ring 18 1s
disposed 1n the orifice region 1n ring shape, and surrounds
the compressor wheel vanes of the compressor wheel 16
radially, at least 1n part, as well as an accommodation matrix
19, into which the guide grid ring 18 can be pushed axially.
The guide grid ring 18 1s connected with a wall of the
compressor housing 20, fixed 1n place on the housing. The
accommodation matrix 19 1s configured 1n the region of an
axial face of a sliding sleeve 17, which forms an activation
organ for the guide grid 13. The sliding sleeve 17 1is
structured to be displaceable 1n the axial direction of the
charger, and 1s adjusted between two axial end positions by
a setting element 22, by way of a pusher rod 21. The gnd
geometry of the guide grid 13 is adjusted between a blocked
position that minimizes or completely closes the orifice
cross-section, and an opened position that maximizes the
orifice cross-section, by way of the axial adjustment move-
ment of the sliding sleeve 17. In FIG. 2, the grid geometry
of the guide grid 13 1s 1n 1ts opened position, with the
maximally possible cross-section. This position 1s assumed,
in particular, in operating states of the internal combustion
engine with a low load, 1n which the compressor wheel 16
1s operated in turbine operation, 1n which the pressure
downstream from the compressor 1s lower than upstream of
the compressor.

The combustion air that flows radially out of the air
collection chamber 15 and 1impacts the compressor wheel 16
exerts a rotational impulse on the compressor wheel, which
provides power to the compressor wheel. The combustion
air 1s guided 1nto a spiral channel 23 1n the further progres-
s1on, and undergoes relaxation in this connection. From the
spiral channel 23, the combustion air 1s guided into the
cylinder inlets of the internal combustion engine, after
having tlowed through the charging air cooler, 1n the further
Progression.

The other gmide grid 12 is located on the face of the
sliding sleeve 17 that lies opposite the guide grid 13 that 1s
close to the compressor wheel; this grid has a greater
distance from the compressor wheel 16 both radially and
axially than the guide grid 13 that lies close to the compres-
sor wheel and 1s assigned to turbine operation of the com-
pressor. The grnd geometry of the guide grid 12 at a distance
from the compressor wheel comprises, 1n similar manner as
the guide grid 13, a guide grid ring 24 that 1s attached to the
axial face of the sliding sleeve 17, as well as an accommo-
dation matrix 25 that 1s configured in another sliding sleeve
26 that takes over the function of an activation organ. The
guide grid 12 at a distance from the compressor wheel 1s
seated 1n another orifice cross-section between the air col-
lection chamber 15 and the compressor wheel inflow chan-
nel 14. In the closed or blocked position shown 1n FI1G. 2, the
guide grid ring 24 1s completely moved into the accommo-
dation matrix 25, so that the orifice cross-section 1s com-
pletely closed. This orifice cross-section 1s assigned to
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6

compressor operation and 1s opened with an increasing load
of the internal combustion engine, by means of adjusting the
guide grid 12.

Since the grid geometries of the two guide grids 12 and 13
are located on axially opposite faces of the sliding sleeve 17,
an axial setting movement exerted on the sliding sleeve 17
by way of a setting element 22 causes a simultaneous
transter movement both of the guide grid ring 18 close to the
compressor, and of the guide grid ring 24 at a distance from
the compressor. The transier movements of the two guide

orid rings are kinematically coupled by way of the sliding
sleeve 17.

The setting element 22 1s structured to be axially dis-
placeable. The setting movement of the setting element 22 1s
transierred to the sliding sleeve 17 by way of a pusher rod
21, whereby the pusher rod 21 1s guided to be ireely
displaceable 1n a guide channel 1in a second sliding sleeve 26.

An additional adjustment possibility 1s provided by way
of an axial pushing movement of the second sliding sleeve
26, triggered by way of activation of another axially dis-
placeable setting element 27. The accommodation matrix 235
for accommodating the guide grid ring 24 of the guide gnd
12 1s configured 1n the axial face region of the sliding sleeve
26, whereby an axial setting movement of the additional
sliding sleeve 26 can be performed kinematically indepen-
dent of the setting movement of the first sliding sleeve 17.

In FIG. 3, the compressor 6 1s shown 1n a position 1n
which the guide grid 13 1s 1n the closed position and the
guide grid 12 1s partly open. The sliding sleeve 17 can be
displaced axially, 1n the direction of the compressor wheel
16, to such an extend that the axial face of the sliding sleeve
17 makes contact with the wall of the compressor, on which
the guide grid ring 18 1s held. By means of this displacement
movement of the sliding sleeve 17, the axially ahead guide
orid 12 1s brought into a partly open position, at the same
time, 1n that the guide grid ring 24 1s partly pushed out of its
accommodation matrix 25. The air 1in the air collection
chamber 15 can now tlow radially 1nto the compressor wheel
inflow channel 14 through the guide grid ring 24, whereby
the face 28 of the second shiding sleeve 26 forms a detlection
surface or spin surface for the combustion air flowing nto
the compressor wheel intlow channel 14. The face 28 1s
configured in curved shape, and has a concave cross-section,
so that the combustion air that flows 1n radially undergoes
deflection 1n the axial direction, and impacts the compressor
wheel vanes of the compressor 16 axially.

The gmde grid ring 24 of the guide grid 12 at a distance
from the compressor wheel 1s divided into three segments,
for example, 1n which a different number of guide grid vanes
1s disposed, distributed over the circumierence, 1n each
instance. A solution proposal, not shown, relates to a number
of vanes unchanged relative to grid 24a, 1n which the chord
length of the vane 1s shortened with an increasing vane
height. In the position shown 1n FIG. 3, the first two guide
orid segments of the guide grid ring 24 are axially pushed
out of the accommodation matrix 25, while the third seg-
ment of the guide grid ring 24 1s still located within the
accommodation matrix 25. The different number of guide
orid vanes 1n each segment of the guide grid ring 24 makes
it possible to adjust different flow conditions through the
guide grid 12 as a function of the current axial position of the
guide grid 12. With a decreasing number of vanes, the tlow
cross-section 1n the orifice region between the air collection
chamber 15 and the compressor wheel inflow channel 14
increases, so that an increasingly greater air mass stream can
pass OVer.
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In FIG. 4, the sliding sleeve 17 1s located 1n its contact
position on the compressor housing wall that carries the
guide grid ring 18. At the same time, the second sliding
sleeve 26 1s axially pulled out in the opposite direction, so
that the guide grid ring 24 of the guide grid 12 at a distance
from the compressor wheel 1s completely removed from the
accommodation matrix 25 in the sliding sleeve 26, and only
the pusher rod 21, by way of which the sliding sleeve 17 1s
connected with the setting element 22, projects into the
orifice cross-section between the air collection chamber 135
and the compressor wheel intlow channel 14. As a result,
there are practically no flow barriers present in the orifice
region any more, and a maximally possible air mass stream
can pass over and impact the compressor wheel 16 axially.

It might also be practical to structure one or both guide
orids 12 and 13 with adjustable guide vanes, which are
pivoted by suitable setting organs, about their pivot axis, in
cach instance, between the blocked position and the opened
position. This embodiment can be provided both alterna-
tively and cumulatively to the axial setting movement of the
guide grids.

The different guide grid nng segments of the guide grid at
a distance from the compressor wheel are indicated with the
reference symbols 24a, 24b, and 24c¢ in FIG. 4. These
symbols are also used in the subsequent FIGS. §, 6, and 7,
in which both the guide grid 13 close to the compressor
wheel and the guide grid 12 at a distance from the com-
pressor wheel are shown 1n a top view, 1n each instance,
whereby the latter grid 1s shown in the different axial
segments 24a, 24b, and 24¢, 1n each instance.

In the top view according to FIG. 5 to 7, the guide grid 12
at a distance from the compressor wheel surrounds the guide
orid 13 close to the compressor wheel, at an axial distance
of the two guide grids. In the first guide grid segment 24a of
the guide grid 12 at a distance from the compressor wheel,
a maximal number of guide vanes 1s disposed distributed
over the circumierence. In the other segments 245 and 24c
according to FIGS. 6 and 7, respectively, there are only
two-thirds of the guide vanes of the first segment 1n the
center segment 24H, and 1n the third segment 24¢ there are
actually only one-third the number of guide vanes as 1n the
first segment 24a. The flow resistance 1s further reduced by
this.

The 1nvention claimed 1s:

1. An exhaust gas turbocharger for an internal combustion
engine, having an exhaust gas turbine in the exhaust gas
train and a compressor 1n the intake tract, whereby a
compressor wheel 1s disposed in a compressor wheel intlow
channel, which wheel 1s driven by a turbine wheel of the
exhaust gas turbine, having an adjustable throttle device
upstream from the compressor wheel, for regulating the air
mass stream to be supplied, wherein the throttle device
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comprises a first guide grid and a second guide grid in the
inflow region to the compressor wheel, whereby each guide
orid has an adjustable grid geometry.

2. The exhaust gas turbocharger as claimed 1n claim 1,
wherein the two guide grids are spaced axially apart.

3. The exhaust gas turbocharger as claimed 1n claim 1,
wherein the grid geometries comprise one guide grid ring, in
cach instance, having guide vanes and an accommodation
matrix for accommodating the guide grid rings.

4. The exhaust gas turbocharger as claimed 1n claim 1,
wherein the setting movements of the grid geometries of the
two guide grids are coupled by way of a common activation
organ.

5. The exhaust gas turbocharger as claimed 1n claim 4,
wherein the common activation organ comprises an axially
adjustable sliding sleeve.

6. The exhaust gas turbocharger as claimed in claim 3,
wherein the sliding sleeve has an accommodation matrix in
the region of a first axial face, and a guide grid ring 1n the
region ol the opposite axial face.

7. The exhaust gas turbocharger as claimed 1n claim 1,
wherein each grid geometry has an activation organ assigned
to 1t, 1n each 1nstance.

8. The exhaust gas turbocharger as claimed 1n claim 7,
wherein the two activation organs are configured as a sliding
sleeve, 1n each instance.

9. The exhaust gas turbocharger as claimed 1n claim 7,
wherein an activation organ forms a spin surface for the air
mass stream that flows through, 1n the opened position of a
guide grid.

10. The exhaust gas turbocharger as claimed 1n claim 1,
wherein an air collection chamber that communicates with
the compressor wheel inflow channel lies ahead of the
compressor wheel, whereby at least one guide grid 1s dis-
posed 1n the transition from the air collection chamber to the
compressor wheel inflow channel.

11. The exhaust gas turbocharger as claimed 1n claim 10,
wherein the air collection chamber surrounds the compres-
sor wheel inflow channel radially, at least 1in part.

12. The exhaust gas turbocharger as claimed 1n claim 1,
wherein a guide grid has at least two segments having
different grid geometries over 1ts axial expanse.

13. The exhaust gas turbocharger as claimed 1n claim 12,
wherein the segments each have a different number of guide
orid vanes.

14. The exhaust gas turbocharger as claimed 1n claim 12,
wherein the guide vanes of the gmde grid continuously
undergo a shortening of the chord length with an increasing
vane height, proceeding from a bottom vane height.
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